Aims Molecular evidence indicates that the Neotropical sub-tribe Zygopetalinae is sister to Maxillariinae. Most members of the latter sub-tribe have deceit pollination strategies, but some species produce rewards such as nectar, pseudopollen, resin and wax, and are pollinated by a range of pollinators that include stingless bees (Meliponini), wasps and hummingbirds. By contrast, relatively little is known about the pollination of Zygopetalinae species. However, some are pollinated by fragrance-gathering, male euglossine bees or employ nectar deceit strategies. The aim of this study is to describe the labellar micromorphology of Zygopetalinae and to compare it with that of Maxillariinae sensu lato (s.l.) as part of an ongoing project to record the range of labellar characters found within the tribe Maxillarieae, and to assess whether these characters represent synapomorphies or homoplasies resulting from similar pollination pressures. † Methods The labella of 31 species of Zygopetalinae, including Cryptarrhena R. Br. and representatives of the Zygopetalum, Huntleya and Warrea clades, were examined using light microscopy and scanning electron microscopy, and the range of labellar characters was recorded. These characters were subsequently compared with those of Maxillariinae s.l. which formed the subject of our previous investigations. † Key Results and Conclusions The labellar micromorphology of Zygopetalinae is less diverse than that of Maxillariinae and does not reflect the currently accepted phylogeny of the former sub-tribe based on molecular studies. Instead, the relative uniformity in labellar micromorphology of Zygopetalinae is probably due to homoplasies resulting from similar pollinator pressures. Labellar trichomes are relatively uncommon in Zygopetalinae, but occur in certain members of both the Zygopetalum and Huntleya clades. Trichomes are unbranched, uniseriate and multicellular with rounded apices, or unbranched and unicellular, with tapering, pointed and flexuose apices. Hitherto, unicellular trichomes of this kind have been observed only for euglossophilous orchid taxa, and the adoption of a relatively limited range of pollination strategies by Zygopetalinae may have resulted in reduced investment in micromorphological labellar characters.
INTRODUCTION
Sub-tribe Zygopetalinae sensu Whitten et al. (2000 Whitten et al. ( , 2005 is a Neotropical, vegetatively and florally diverse assemblage of orchids, comprising some 402 -418 species (RBG Kew, 2003 -cited in Whitten et al., 2005 Pupulin, 2009) . Consequently, especially with the inclusion of the anomalous and monophyletic taxa Cryptarrhena R. Br. and Dichaea Lindl., this sub-tribe has been difficult to define. Typically, its members possess four superposed pollinia that are flattened in most taxa, and a transversely narrow and slit-like stigma (Dichaea has variable pollinia and a rounded stigma), the column having an infrastigmatic keel [species of Chondrorhyncha Lindl. currently assigned by Whitten et al. (2005) to Daiotyla Dressler, together with Kefersteinia Rchb.f. and Warreopsis Garay], a tooth (Kefersteinia) often basal (Cryptarrhena, Pescatorea Rchb.f., Warczewiczella Rchb.f.) or a ligule (Dichaea). Members of the closely related Lycastinae Schltr. and Maxillariinae Benth., both currently placed in a more broadly circumscribed Maxillariinae (Whitten et al., 2000 (Whitten et al., , 2007 Chase et al., 2003) , also possess four pollinia, but these are usually globose or slightly flattened, and the stigma is not slit-like, but oval (Whitten et al., 2005) . Further synapomorphies are the violet colour (not to be confused with purple) present in flowers of several genera [e.g. Aganisia Lindl. (formerly Acacallis Lindl.), Cochleanthes Raf., Dichaea, Koellensteinia Rchb.f., Otostylis Schltr., Pabstia Garay, Warczewiczella, Zygopetalum Hook. and Zygosepalum Rchb.f.], but rarely found in other Neotropical orchids and thought to attract pollinators in subdued light, and the tendency to occupy shady, sub-optimal niches in forest canopies (Whitten et al., 2005) .
Over a decade ago, Cameron and co-workers (Cameron et al., 1999) undertook cladistic parsimony analyses of rbcL nucleotide sequence data from 171 taxa representing nearly all tribes and sub-tribes of Orchidaceae. Unfortunately, rbcL sequences alone were not sufficient to determine the status of Zygopetalinae, but nevertheless placed the enigmatic genera Cryptarrhena and Eriopsis Lindl. deeply within Maxillarieae and showed them to be most closely related to a broadly circumscribed Zygopetalinae. Similarly, combined molecular analysis of Maxillarieae (Whitten et al., 2000) revealed high bootstrap support for a monophyletic Zygopetalinae and supported the inclusion of Cryptarrhena and Dichaea in this sub-tribe (Whitten et al., 2000) . Zygopetalinae sensu Dressler was further divided on morphological grounds by a number of authors (Whitten et al., 2005) , largely on the basis of pseudobulbs ( presence/absence, size and number of internodes), the number of flowers per inflorescence and leaf vernation (revolute/conduplicate). Furthermore, it was clearly demonstrated that Dichaea is sister to the Pescatorea/Chaubardia clade (Whitten et al., 2000) . More recently, the phylogenetic relationships of Zygopetalinae have been assessed using parsimony analyses of combined DNA sequence data of nuclear internal transcribed spacer (ITS) 1 and 2 (including the 5 . 8S region and portions of the flanking 18S and 26S regions) and of the plastid trnL intron plus the trnL-F intergenic spacer and the plastid matK (Whitten et al., 2005) . Combined analysis of 104 ingroup and two outgroup taxa produced highly resolved cladograms (Whitten et al., 2005) . These revealed that Zygopetalinae is highly supported as monophyletic and comprises a Zygopetalum grade or clade ( prominent pseudobulbs and usually revolute, plicate leaves); a Huntleya grade ( pseudobulbs reduced or lacking, oneflowered inflorescence and conduplicate leaves), including Dichaea, Huntleya Bateman ex Lindl., Chaubardia Rchb.f. and the Chondrorhyncha complex, plus Cryptarrhena that is weakly supported as sister to the Huntleya grade; and a Warrea grade ( pseudobulbs of several internodes, leaves plicate). Each of these clades is described and characterized on morphological grounds by Pupulin (2009) . Molecular data strongly support the monophyly of Chaubardia and its separation from Huntleya (Whitten et al., 2005) . Chondrorhyncha sensu lato (s.l) is traditionally considered polyphyletic, but, recently, six genera, namely Aetheorhyncha Dressler, Daiotyla Dressler, Echinorhyncha Dressler, Euryblema Dressler, Ixyophora Dressler and Stenotyla Dressler, have been segregated on molecular grounds as monophyletic taxa (Whitten et al., 2005) .
Cladograms of the Zygopetalum grade, albeit based on sparse sampling, revealed several inconsistencies with current generic concepts. Zygopetalum is polyphyletic and Z. maxillare Lodd. is sister to a clade containing Neogardneria murrayana (Gardner ex Hook.) Schltr. ex Garay, Pabstia and several other Zygopetalum spp. Similarly, Koellensteinia is also polyphyletic, and the three representative species investigated were found to be scattered throughout a clade containing Aganisia, Otostylis, Paradisanthus Rchb.f. and Zygosepalum, whereas a clade containing Zygosepalum labiosum (Rich.) C. Schweinf., Galeottia A. Rich. and Batemannia Lindl. was strongly supported (100 % bootstrap support) (Whitten et al., 2005) .
Relatively little is known of the pollination strategies of Zygopetalinae (Pupulin, 2009) . However, the available data indicate that their flowers are either pollinated by fragrancecollecting, male euglossine bees or they attract bees of both sexes by nectar deceit (Dressler, 1990; van der Cingel, 2001; Pupulin, 2009) . To date, euglossine pollination has been confirmed only for a small number of species of Zygopetalinae derived from eight genera, but is thought to occur in at least another ten. Examples of nectar deceit strategies are rarer (Pupulin, 2009) . At their simplest, the flowers of Zygopetalinae function as gullet flowers, and pollinaria are deposited on the back of the bee, often behind the head, or, less frequently, on the trochanter, as in Chaubardiella Garay, or on the antenna, as in Kefersteinia (Dressler, 1990; Whitten et al., 2005) .
The pollinator of Cryptarrhena is not known (Pupulin, 2009) . Dichaea, however, is probably pollinated by fragrancecollecting, male euglossine bees (Dressler, 1990; Whitten et al., 2005; Pupulin, 2009) , although some autogamous forms (e.g. D. hystricina Rchb.f. in Puerto Rico) are known to exist (van der Cingel, 2001; Whitten et al., 2005) . Folsom (1985 Folsom ( , 1994 , who studied the genus in Costa Rica and Colombia, reported that it is pollinated by Eulaema meriana. He also observed that a musty-sweet fragrance was produced by day in D. pomatophila Folsom, but that the flowers shut late in the afternoon and were pollinated in the morning by bees. Several pollinaria were often found on the frons of these insects. On alighting on the apical part of the labellum, the bees climbed across its surface and scratched the base of the lip in search of fragrant compounds. These were then transferred to the hind tibia while the insect hovered in front of the flower. After a few minutes, the pollinaria collapsed forward and were ideally positioned to effect pollination. Pollinaria of D. panamensis Lindl. have been recorded from Euglossa allosticta, Euglossa cyanaspis, Euglossa despecta, Euglossa dissimula, Euglossa dressleri, Euglossa heterosticta, Euglossa mixta, Euglossa tridentata, Euglossa variabilis and Eufriesia pulchra. Furthermore, pollinaria of unidentified species of Dichaea have been found on Euglossa allosticta, Euglossa deceptrix and Euglossa hansonii (Ackerman, 1983a; Roubik and Ackerman, 1987) .
Of those taxa currently assigned to the Zygopetalum clade, van der Cingel (2001) reported that Zygopetalum and Zygosepalum are also pollinated by euglossine bees, the pollinaria being deposited on their heads. Pupulin (2009) , however, considers Dodson's early record of euglossine pollination in Zygopetalum to be erroneous, but confirms its occurrence in Zygosepalum labiosum. Moreover, several Zygopetalum spp. of the intermedium/mackayi complex flower during the Brazilian winter and in open areas -conditions that do not favour euglossine bees. Vogel (1969) observed a large, unidentified hymenopteran, probably a long-tongued Eulaema, pollinating Batemannia colleyi Lindl., but, again, records of pollination in this genus are scant (Pupulin, 2009) . Likewise, although the pollinators of Galeottia are not known (Pupulin, 2009 ), Roubik and Ackerman (1987) proposed that those of G. grandiflora A. Rich. in Panama are Eulaema cingulata and Eulaema meriana. The pollinators of Aganisia, Cheiradenia Lindl., Koellensteinia, Neogardneria Schltr. ex Garay, Otostylis, Pabstia, Paradisanthus and Promenaea Lindl. (Zygopetalum clade) are not known, but Aganisia and Koellensteinia are probably pollinated by euglossine bees (Pupulin, 2009) , and pollinaria of Promenaea stapelioides (Link & Otto) Lindl. have been recorded on the heads of males of Euglossa cf. ignita . Remarkably, Paradisanthus frequently inhabits Brazilian coastal islands where euglossine bees rarely occur. Warrea Lindl. (Warrea clade) is also probably pollinated by male euglossine bees, but nothing is known of pollination in Warreella Schltr. or Warreopsis (Pupulin, 2009) .
Of those taxa assigned to the Huntleya clade, Huntleya probably has fragrance reward flowers and is pollinated by male euglossine bees (Whitten et al., 2005) . Indeed, van der Pijl and Dodson (1969) reported male Eulaema species visiting flowers of Huntleya meleagris Lindl., and pollinaria of H. burtii (Endres & Rchb.f.) Pfitzer have been found on Eulaema cingulata (Dressler, 1976; Pupulin 2009 ). Likewise, all species of Chaubardiella are probably pollinated by male euglossine bees, but, to date, this has only been confirmed for a single species, the pollinator being identified as Euglossa cybelia (Roubik and Hanson, 2004; Pupulin, 2009) .
The remaining taxa of the Huntleya clade include many species that were once placed in Chondrorhyncha. However, generic delimitation within this clade is difficult (Whitten et al, 2005; Harding, 2008) , possibly owing to repeated evolutionary changes in pollination mechanisms resulting in homoplasious floral morphologies (Whitten et al., 2005) . Moreover, many species assigned to the Huntleya clade are difficult to identify (Harding, 2008) . Some produce gullet flowers that appear to employ nectar deceit strategies and are visited by long-tongued insect visitors, probably nectar-foraging euglossine bees (Ackerman, 1983a) . The funnel-shaped labellum lacks a true spur, but has a notch on either side of the base that permits passage of the bee proboscis and, instead, a tubular, false spur is formed by each backwardly sweeping, revolute sepal (Ackerman, 1983a) . Whitten et al. (2005) have not observed nectar production in any species with this floral morphology and conclude that they are indeed nectar deceit flowers. Dodson and Frymire (1961) collected a specimen of Euglossa hemichlora bearing the pollinarium of a species of either Chondrorhyncha (as formerly circumscribed) or Pescatorea on its abdomen, whereas van der Pijl and Dodson (Dodson, 1962; van der Pijl and Dodson, 1969) described the pollination of a species of Chondrorhyncha by Euglossa viridissima and Eulaema speciosa, and that of Pescatorea wallisii Linden & Rchb.f. by Eulaema polychroma or Eulaema cingulata (Dodson, 1962; Pupulin, 2009) . As Eulaema polychroma backs out of the flower to hover, the pollinarium is deposited on its scutellum (Williams, 1982) . Dressler (1990) reported collecting female Eulaema bees bearing pollinaria of Cochleanthes, although it is still not known what attracts female insects to these flowers. A nectar deceit strategy involving false nectar spurs formed by the revolute, lateral sepals is found in some Warczewiczella spp. (Pupulin, 2009) . Pollination of W. lipscombiae (Rolfe) Fowlie [formerly Cochleanthes lipscombiae (Rolfe) Garay] is effected by euglossine bees of both sexes and, thus, seemingly does not depend on the gathering of fragrant volatiles, which are collected only by males. The fragrant, gullet-type flowers are borne singly on the inflorescence and lack pollinator rewards. They are thought to deceive nectar-foraging bees by mimicking flowers of the sympatric, nectariferous liana Clitoria javicensis (Kunth) Benth. (Fabaceae) (Ackerman, 1983a) . One female Eulaema meriana, lacking pollinaria, was observed to fly directly to the flower and, on entering, slip her extended proboscis past the claw of the lip and slide it along the involute margin of a lateral sepal, her movements guided by the large, basal, labellar callus. On leaving the flower, the anther was dislodged and became attached to the back of the head of the insect. Attempts by the insect to remove the anther merely resulted in the removal of the anther cap, thereby exposing the pollinarium. Females of Euglossa cognata and both sexes of Euglossa imperialis were also observed to enter flowers of this orchid, although both species were too small to dislodge pollinaria. However, a male Euglossa tridentata was seen to collect floral fragrances from the lateral sepals, but did not enter the flower, and Eulaema meriana, Euglossa imperialis and Exaerete frontalis of undetermined sex approached or landed on the flower, but did not enter. Moreover, pollinaria of W. lipscombiae were also found on both sexes of Eulaema meriana and Eulaema bombiformis, as well as on males of Eulaema nigrita (Ackerman, 1983a, b) . In Cochleanthes aromatica (Rchb.f.) R.E. Schult. & Garay, the pollinarium is deposited on the top of the head of Eulaema seabrae (van der Pijl and Dodson, 1969; van der Cingel, 2001; Pupulin, 2009) . However, C. flabelliformis (Sw.) R.E. Schult. & Garay in Puerto Rico is autogamous (Catling, 1990) .
Species of Chondroscaphe (Dressler) Senghas & G. Gerlach have large flowers, often with a fimbriate lip that bears a narrow basal callus and a second callus-like thickening or pad of trichomes distal to the basal callus. Unfortunately, details of pollination are not available for this genus, although, again, it is probably pollinated by euglossine bees, attracted by the false spur formed by the swept-back, lateral sepals that are revolute at the base (Pupulin, 2009) .
Flowers of Benzingia Dodson and the former genus Ackermania Dodson & R. Escobar (now also assigned to Benzingia) usually lack false spurs, have saccate (resupinate or not) lips and probably display a male euglossine fragrance reward strategy (Pupulin, 2009 ). The great diversity in floral morphology and pollination systems found here indicates that both might be evolutionarily labile. Benzingia reichenbachiana (Schltr.) Dressler [formerly Chondrorhyncha reichenbachiana (Schltr.) Dressler] has resupinate flowers with a gullet-shaped lip and reflexed lateral sepals that form a false spur similar to that found in other species of the Chondrorhyncha complex currently assigned to Euryblema (Whitten et al., 2005) . It is euglossine pollinated (Pupulin, 2009 ). The callus is laminar, bilobed and irregularly toothed, and pollinators are attracted by nectar deceit.
The monophyletic genus Stenia Lindl. is remarkable in its possession of a complex labellum and extraordinary variation in the structure of its pollinaria (Whitten et al., 2005) , although the full evolutionary significance of the latter is unclear. It is not known what pollinates this genus, but it is again presumed that the pollinators are male euglossine bees (Dodson, 2004; Pupulin, 2009) .
Kefersteinia has small flowers, a very thin inflorescence axis and a ventral keel on the column. Male euglossine bees of the genera Euglossa and Eulaema (Pupulin, 2009) are seemingly attracted by floral scent (Dressler, 1968 (Dressler, , 1983 van der Pijl and Dodson, 1969; Gerlach, 1994) . The keel of the column and the basal callus position the pollinator so that pollinaria become attached to the basal segment (scape) of the antenna. This pollinarium deposition site is seemingly unique amongst euglossine-pollinated orchids (Dressler, 1990; Whitten et al., 2005) . Dressler (1982) , working on Barro Colorado Island, collected bees bearing pollinaria of Kefersteinia lactea (Rchb.f.) Schltr. Similarly, Roubik and Ackerman (1987) found pollinaria of this species on Euglossa bursigera, Euglossa cybelia, Euglossa dodsonii and Euglossa tridentata, those of K. costaricensis Schltr. on Euglossa mixta and Euglossa deceptrix, and pollinaria of K. parvilabris Schltr. on Eulaema speciosa, whereas pollinaria of an unnamed species of Kefersteinia were found on Euglossa hansonii, Euglossa mixta and, by Dressler (1976) , on Euglossa cybelia. However, some Kefersteinia spp. lack scent and may not be euglossophilous, but autogamous (Gerlach and Schill, 1991) .
Nothing is known of the pollination of other members of the Huntleya clade, such as Aetheorhyncha, Chaubardia, Daiotyla, Echinorhyncha, Euryblema, Hoehneella Ruschi, Ixyophora and Stenotyla (Pupulin, 2009) .
It is anticipated that any variation in the pollination strategies of Zygopetalinae will be reflected in the labellar micromorphology of its members, and preliminary studies show that representatives of the Huntleya clade display a diverse range of micromorphological labellar characters (Davies and Stpiczynska, 2008a) . For example, the labella of some species formerly assigned to Chondrorhyncha, such as Daiotyla maculata (Garay) Dressler, are glabrous, whereas in others, such as Daiotyla albicans (Rolfe) Dressler, they are papillose. The labellum of Stenotyla picta (Rchb.f.) Dressler simple and mainly bear conical (occasionally obpyriform) papillae with pointed or rounded tips. In some species, such as D. pendula (Aubl.) Cogn. and D. trulla Rchb.f., there is a tendency for the labellum to become minutely ciliolate proximally. Most Dichaea spp., however, lack hairs, although the labellar auricles, located proximal to the lateral lobules of D. muricata (Sm.) Lindl., are densely hirsute. These hairs are unicellular and flexuose with rounded or pointed tips (Davies and Stpiczynska, 2008a ) and the auricles are thought to be important in pollination (Folsom, 1994) .
In recent years, we have extensively researched the labellar micromorphology of Maxillariinae s.l. (Davies and Winters, 1998; Davies et al., 2000 Davies et al., , 2003a Davies and Turner, 2004; Matusiewicz et al., 2004; Davies and Stpiczyńska, 2006 , 2008a Davies, 2009 ). Here we extend our study of Zygopetalinae (sister to Maxillariinae s.l.) to the Zygopetalum and Warrea clades, as well as to other genera of the Huntleya clade hitherto not investigated. Our aim is to describe the range of labellar micromorphology found in this sub-tribe and to compare it with that of Maxillariinae s.l. Finally, we shall assess whether the various labellar characters represent synapomorphies or homoplasies resulting from similar pollinator pressures.
MATERIALS AND METHODS
Thirty-three, spirit-preserved specimens, representing 31 species of Zygopetalinae, were obtained from The Royal Botanic Gardens Kew, the first author's collection and from Swansea Botanical Complex, UK. Accession numbers for these sources are prefixed 'K', 'KLD' and 'S', respectively (Table 1 ). In total, these included specimens of Cryptarrhena R. Br., as well as members of the Zygopetalum (Aganisia Lindl., Batemannia Lindl., Koellensteinia Rchb.f., Neogardneria Schltr. ex Garay, Otostylis Schltr., Pabstia Garay, Paradisanthus Rchb.f., Promenaea Lindl. and Zygopetalum Hook.), Huntleya [Chaubardiella Garay, Chondroscaphe (Dressler) Senghas & G. Gerlach, Cochleanthes Raf., Huntleya Bateman ex Lindl., Kefersteinia Rchb.f., Stenia Lindl. and Warczewiczella Rchb.f.] and Warrea (Warrea Lindl.) clades. Authors for plant names follow Brummitt and Powell (1992) throughout. Preserved material obtained from RBG, Kew was kept in Copenhagen mixture (70 mL of industrial methylated spirit:2 mL of glycerol:28 mL of water), whereas living material was either examined immediately or stored in 5 % (v/v) formaldehyde solution. Labella were examined by means of light microscopy (LM), and the distribution and structure of adaxial, floral papillae and trichomes was recorded. Representative samples of labellar tissue were subsequently excised and transferred to 70 % (v/v) ethanol solution. Samples were then dehydrated in acetone, subjected to critical-point drying using liquid CO 2 , sputter-coated with gold and examined by means of scanning electron microscopy (SEM) using a VEGA TESCAN LMU at an accelerating voltage of 30 kV.
RESULTS
Zygopetalinae contains both resupinate and non-resupinate species (e.g. certain members of Aganisia, Benzingia, Chaubardiella and Kefersteinia), and representatives of this sub-tribe often have well-developed and elaborate labella (Table 2) . Nevertheless, despite the relative complexity of their labella, the labellar micromorphology of Zygopetalinae tends to be conservative (Table 3) . For example, Cryptarrhena has a pronounced, laterally compressed, keeled claw that terminates in a relatively undifferentiated, glabrous to slightly papillose lamina (Fig. 1A -D) . Likewise, the labellum of Koellensteinia altissima is glabrous (Fig. 3C) , whereas that of Chaubardiella subquadrata is largely glabrous with conical papillae both proximally and distally (Fig. 8C) . Most other investigated Zygopetalinae species, however, possess papillose labella. At their simplest, these consist solely of unicellular, conical or obconical papillae with pointed or rounded apices (e.g. Koellensteinia graminea and Paradisanthus micranthus; Figs 3D, 6A, B) , whereas in others (e.g. Aganisia cyanea, Chondroscaphe amabilis, Kefersteinia lactea, Promenaea xanthina and Warrea hookeriana; Figs 2A-C, 5F, 8E, F, 9E, F, 11E, F), obpyriform, rounded or spherical papillae predominate. The labella of many of the species investigated, however, displayed intermediate micromorphology, often with conical, obconical and obpyriform and/or rounded to spherical papillae being present (e.g. Batemannia colleyi, Chaubardiella tigrina, Cochleanthes aromatica, Huntleya fasciata, Huntleya lucida, Kefersteinia costaricensis, Koellensteinia tricolor, Neogardneria murrayana, Otostylis brachystalix, Promenaea stapelioides, Warczewiczella discolor and certain Zygopetalum spp; Figs 2D-F, 3A , B, E, F, 4A-F, 5D, E, 6C-F, 8A, B, D, 9A-D, 10E, F); and many of those labella that consisted mainly of obpyriform, rounded or spherical papillae frequently had margins and/or calli bearing conical or obconical papillae (e.g. Aganisia cyanea, Batemannia colleyi, Chaubardiella tigrina, Kefersteinia costaricensis, Neogardneria murrayana, Warczewiczella discolor, Zygopetalum brachypetalum and certain other Zygopetalum spp.). Conical papillae are often modified and villiform or needle-like (e.g. Pabstia jugosa, Pabstia viridis, Promenaea stapelioides, Zygopetalum crinitum and Z. maculatum; Figs 5A-C, 7F), and, in some species, conical, villiform, obpyriform and spherical papillae, by virtue of their position along veins, folds or rugae, appear even more prominent (e.g. Batemannia colleyi, Kefersteinia koechliniorum, Warczewiczella discolor, Warrea hookeriana, Zygopetalum crinitum and Z. maculatum; Figs 3A, 7A-F, 10A-F). Details of these various combinations are shown in Table 3 . However, these characters appear not to be phylogenetically significant, occurring in all three clades: Zygopetalum, Huntleya and Warrea. Conversely, labellar trichomes are relatively uncommon in Zygopetalinae, and were observed only twice each for the Zygopetalum (Z. crinitum and Z. maculatum) and Huntleya clades (Kefersteinia koechliniorum and Stenia cf. saccata). Thus, in Z. crinitum, Z. maculatum and K. koechliniorum (Figs 7A-F, 10A-D) they are unicellular (occasionally multicellular in Zygopetalum spp.), unbranched and tapering, with subflexuose to flexuose apices ( Figs 7B-F, 10A, C, D. ), but in Stenia cf. saccata (Fig. 11A -D) they are unbranched and often uniseriate and multicellular, with rounded apices (Fig. 11C,  D) . Although multicellular trichomes of Stenia cf. saccata are numerous and clearly visible under LM, regrettably, they are more difficult to distinguish using SEM (Fig. 11D) .
It is possible that some of these epidermal structures may function as osmophores. Unfortunately, testing for the latter requires living tissue, and all that was available for the majority of species investigated was spirit-preserved material.
DISCUSSION
Generally, the labellar micromorphology of the Zygopetalinae taxa investigated did not reflect the currently accepted phylogeny of the sub-tribe based on molecular evidence (Whitten et al., 2005) . Rather, uniformity of micromorphological characters was probably due to homoplasies resulting from similar pollinator pressures. Moreover, compared with Maxillariinae sensu stricto (s.s.), the labella of Zygopetalinae, although grossly more diverse than those of the former sub-tribe, have much more uniform micromorphology, and this too may also be related to pollinator pressures. For example, although many Maxillariinae s.s. are rewardless and exhibit deceit pollination strategies, a significant proportion reward pollinators with nectar, pseudopollen, floral resin or wax (Davies and Winters, 1998; Davies et al., 2000 Davies et al., , 2003a Stpiczyńska et al., 2003 Stpiczyńska et al., , 2009 Davies and Turner, 2004; Matusiewicz et al., 2004; Davies and Stpiczyńska, 2007, 2008b; Davies, 2009; Stpiczyńska and Davies, 2009) , while others, such as Trigonidium Lindl. and insectiform-flowered species of Mormolyca Fenzl, are pseudocopulatory (Singer, 2002; Singer et al., 2004; Flach et al., 2006) . Their pollinators are thus diverse (stingless bees or Meliponini, wasps and hummingbirds) and, as would be expected, so is their labellar micromorphology, which generally consists of unicellular, conical, obconical, villiform, obpyriform, rounded or spherical papillae, frequently accompanied by uniseriate, unbranched, multicellular hairs with rounded tips or unbranched, multicellular, moniliform, pseudopollen-forming trichomes (Davies and Winters, 1998; Davies et al., 2000 Davies et al., , 2003b Davies and Stpiczyńska, 2007, 2008b; Davies, 2009) . Conversely, the pollinators of Zygopetalinae identified to date are mostly fragrance-gathering, male euglossine bees, although, in some species, bees of both sexes may be attracted to flowers by nectar deceit strategies. All the aforementioned types of papillae may also occur on the labella of Zygopetalinae, but, unlike Maxillariinae s.s., trichomes are relatively uncommon. Unfortunately, the most common type of floral papilla found in Zygopetalinae, namely the conical papilla, is also the most commonly found amongst angiosperms as a whole (Kay et al., 1981) and, consequently, it is difficult to make any inferences based on its presence. Nevertheless, it is perhaps significant that of 14 species of Dichaea investigated in an earlier study, the labellar epidermis of 11 taxa consisted exclusively of conical papillae (Davies and Stpiczyńska, 2008a) . Despite the relative uniformity of labellar micromorphological characters, the presence of labellar trichomes in Zygopetalinae would appear to be significant. Only four specimens possessed labellar trichomes, two from each of the Zygopetalum and Huntleya clades. Labellar trichomes of Stenia cf. saccata were unbranched and often uniseriate and multicellular, with rounded apices, whereas those of K. koechliniorum, Z. crinitum and Z. maculatum were also unbranched, but unicellular with tapering, pointed and subflexuose to flexuose apices. However, multicellular labellar trichomes were occasionally observed in Z. crinitum and and Stpiczyńska, 2008a). Similar trichomes also occur in Scuticaria Lindl., but here, branched, and occasionally, pseudopollen-forming, multicellular hairs are found amongst them (Davies and Stpiczyńska, 2008a) . Likewise, unicellular labellar trichomes identical to those found in K. koechliniorum, Z. crinitum and Z. maculatum were also observed on the labellar auricles or 'shoulders' of two other species of Zygopetalinae now considered to be conspecific, namely Dichaea verrucosa Ames & Schweinf. and D. muricata (Sw.) Lindl. (Davies and Stpiczyńska, 2008a) , and these auricles are considered by Folsom (1994) to play an important role in the pollination of the genus. Elsewhere, similar trichomes have hitherto been recorded only for certain species of Bifrenaria Lindl., a genus said to be pollinated by both euglossine bees and Bombus spp. (Davies and Stpiczyńska, 2006, 2008a) . Thus, it appears that this particular type of unicellular trichome is characteristic of at least some euglossophilous taxa. Apart from species of Cryptarrhena, only one other taxon examined, namely Koellensteinia altissima, had entirely glabrous labella lacking both papillae and trichomes, and it is significant that flowers of that particular specimen were still almost fully closed and the labellum contained therein still folded, even though swelling of the ovary and, thus, capsule formation was well advanced, indicating that cleistogamy, or at least autogamy, operates in this species. As a result, it is Therefore, the labellar micromorphological characters of Zygopetalinae are of little phylogenetic and taxonomic value, as none is exclusive to this sub-tribe. Labellar trichomes are relatively uncommon in Zygopetalinae. However, unicellular hairs with tapering, flexuose apices appear to be a homoplasious character that has previously been recorded only for 
